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Introduction
In most countries, low back pain (LBP) is the leading cause of disability [1] . LBP contributes to high direct costs within https://doi.org/10.1016/j.physio.2018.12.006 0031-9406/© 2019 The Authors. Published by Elsevier Ltd on behalf of Chartered Society of Physiotherapy. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). health care, as well as high indirect costs in terms of loss of productivity [2] . LBP can be caused by a specific pathology or trauma; however, an underlying disease is absent in 90% of cases [3] . The clinical course of this so-called 'non-specific LBP' varies; some people recover within a couple of days or weeks, and other people experience persistent disabling symptoms leading to chronic LBP [4] [5] [6] . In the Netherlands, back pain is one of the most common reasons for visiting a physiotherapist [7] .
Clinical LBP guidelines recommend that physiotherapists, as well as other caregivers, should identify patients' risk of persistent disabling symptoms at an early stage and stratify treatment to individual needs [8] [9] [10] [11] . An example of an instrument to assess an individual's risk of chronicity is the STarT Back Screening Tool [10] . Generally, patients at low risk benefit from education and general exercise recommendations. Patients at medium or high risk need a personalised and supervised exercise programme, in combination with cognitive behavioural components if necessary [3, 8, 12, 13] . A crucial pre-condition for the effectiveness of exercise therapy in general is patient compliance with exercise prescriptions [14, 15] . Stimulation of exercise compliance is one of the greatest challenges for physiotherapists, as 45%-70% of patients do not (completely) follow their exercise recommendations [16, 17] .
Online applications, such as websites and apps, provide new solutions to stimulate patients' ability to manage their condition independently, and increase exercise compliance between face-to-face sessions [18] . The integration of supervised physiotherapy with a web application is called 'blended physiotherapeutic care' [19] . However, as this is a new field, blended physiotherapeutic interventions for LBP remain understudied [20] . Recently, the authors' research group developed and evaluated a blended physiotherapeutic intervention for patients with osteoarthritis of the hip and/or knee (e-Exercise Osteoarthritis) [21, 22] . Patients treated with e-Exercise Osteoarthritis experienced improvements in physical functioning, pain, tiredness, quality of life and selfefficacy [23] . Moreover, patients were highly positive and satisfied with the availability of information and assignments regardless of time or place [24] . The treatment of non-specific LBP is similar in nature to osteoarthritis of the hip and/or knee, as core treatment elements include physical activity, exercise and information. As such, it was anticipated that the integration of face-to-face care with online support would also be applicable in patients with non-specific LBP. Therefore, this study aimed to: (1) develop a blended physiotherapeutic intervention that matches the values of end-users; and (2) investigate the proof of concept of e-Exercise in patients with non-specific LBP.
Methods
The Center for eHealth Research (CeHRes) Roadmap -a five-step development, evaluation and implementation approach -was used for development of e-Exercise LBP (Appendix A, see online supplementary material) [25] . The model is based on the principles of participatory design, which means that e-Exercise LBP was developed collaboratively with physiotherapists, patients, developers, a commercial eHealth entrepreneur and researchers [26] . The first three steps of the CeHRes Roadmap were followed in the development of e-Exercise LBP: contextual inquiry, value specification and design. Proof of concept of the e-Exercise LBP prototype was tested in a feasibility study. The results of this study and the experiences of end-users will be used to improve and further evaluate e-Exercise LBP in a future phase.
Steps 1 and 2. Contextual inquiry and value specification
The aim of the contextual inquiry was to identify the health problem. First, national and international clinical LBP guidelines were studied. Second, the results and experiences from the previous study on e-Exercise Osteoarthritis were used [21] [22] [23] .
Next, three focus groups were conducted: one with patients with LBP (recruited in a physiotherapeutic training group at a primary care physiotherapy practice), one with physiotherapists and one with experts in the field of eHealth (i.e. physiotherapists with experience in blended therapy, researchers and eHealth entrepreneurs). The primary aim of the focus groups was to identify the values and requirements of end-users in consideration with e-Exercise LBP. All focus groups lasted for 60 minutes. A topic guide (Appendix B, see online supplementary material) was used to discuss the following subjects: the content of usual physiotherapy for patients with non-specific LBP, problems in current physiotherapy for LBP, intervention requirements of stakeholders and end-users, and integration of online care within physiotherapeutic care. All focus groups were audio-recorded and transcribed. Two authors (CK and MvT) independently identified themes, coded them into meaningful sections, and categorised them into general themes. Codes and themes were discussed between CK and MvT until consensus was reached.
Step 3. Design
During the design phase, the researchers cooperated with HCHealth, a commercial eHealth entrepreneur, which supplied an online physiotherapy platform to offer videosupported exercises and information to patients. The aim of this collaboration was to facilitate a lasting implementation of e-Exercise in physiotherapeutic care. The research team provided input for the content of the web application, and HCHealth integrated this content into their platform. Content of the web application was based on Steps 1 and 2 as described above and a Dutch self-help book for patients with back pain [27] .
Feasibility study
Proof of concept of the prototype was tested in a multicentre feasibility study.
Procedure and participants
Fifty physiotherapists working in primary care were invited to participate in the study. Most of them had participated in the previous e-Exercise Osteoarthritis study [22] , and others were recruited from the authors' professional network. Physiotherapists were eligible if they treated at least 10 patients with non-specific LBP per year. In total, 21 physiotherapists participated. All physiotherapists attended a half-day face-to-face group training session about the study procedures and the e-Exercise LBP intervention, and were provided free access to the online part of the intervention. As the aim of this study was to include at least 40 patients, physiotherapists were asked to recruit at least two patients with LBP. All patients received the intervention. The inclusion criteria for patients were: (1) age 18-65 years and (2) non-specific LBP according to the physiotherapists. Exclusion criteria were: (1) contraindications for physical activity without supervision according to the Physical Activity Readiness Questionnaire [28] ; (2) received physiotherapy for LBP in the last 6 months; (3) no access to the internet; or (4) no mastery of the Dutch language. Physiotherapists informed eligible patients about the study, and provided interested patients with an information letter. All patients were asked to sign an informed consent form. Patients' contact information was stored separately from the research outcomes.
Outcome measures
Functional disability was assessed using the Quebec Back Pain Disability Scale (QBPDS), which consists of 20 items about the difficulty of performing daily activities. The total score ranges from 0 to 100 (0 = no problems in daily activities; 100 = maximally disabled in daily activities) [29] .
Pain was assessed using the Numeric Pain Rating Scale (NPRS) (0 = no pain; 10 = worst possible pain) [30] .
Global effect was assessed using a five-point Likert scale about the degree of change in LBP symptoms since baseline measurements (1 = much worse; 5 = much better).
Physical activity was measured objectively with the Acti-Graph GR3X tri-axial accelerometer [31] . Patients were asked to wear the monitor for five unspecified consecutive days, and to complete a short activity diary about the times when the accelerometer was taken on and off and reasons for doing so. The accelerometers and diaries were returned by post. Freedson's thresholds were used for data analysis [32] : 0-99 counts per minute for sedentary activities, 100-1951 counts per minute for light physical activity, 1952-5724 counts per minute for moderate physical activity, 5725-9498 counts per minute for vigorous physical activity, and ≥9499 counts per minute for very vigorous physical activity. Data were recorded at 1-minute intervals. The average number of minutes of moderate and vigorous activity per day was used for analysis. Next, physical activity was measured subjectively with the Short Questionnaire to Assess Health Enhancing Physical Activity [33] . This questionnaire measures light, moderate and vigorous physical activity over a normal week. For analysis, the average number of minutes of moderate and vigorous activity per day was used.
Pain-related fear was assessed using the Fear-Avoidance Beliefs Questionnaire, which consists of items related to physical activity (range 0-24) and work (range 0-42). A higher score indicates greater fear and avoidance beliefs about how physical activity and work negatively affect LBP [34] .
Other outcome measures
Physiotherapists were asked to complete a registration form for each patient about the subgroup of LBP (i.e. low, medium or high risk for persistent disabling symptoms as assessed using the STarT Back Screening Tool), the number of face-to-face sessions, and the interventions used in the physiotherapy sessions.
Online adherence (i.e. number of log-ins and number of activated graded activity modules) was assessed based on objective web-usage data provided by HCHealth.
Patient characteristics (i.e. age, sex, height, weight, educational level and comorbidities) were assessed as part of the baseline questionnaire.
Analysis
Descriptive statistics were used to describe the general characteristics of the study population, patients' website usage, global effect, physiotherapists' recruitment rates, and the content and number of physiotherapy sessions. As the study had no control group and was not powered sufficiently to test for significance, descriptive statistics were used to describe proof of concept in terms of mean values and mean differences (MD) for disability, pain, physical activity and pain-related fear. Mean values and MD between baseline and follow-up were provided for complete cases. Results were described for the entire group and for each risk group as determined with the STarT Back Screening Tool. All analyses were performed using SPSS Version 24 (IBM Corp., Armonk, NY, USA).
Results

Steps 1 and 2. Contextual inquiry and value specification
Values and requirements that emerged from the focus groups with patients, physiotherapists and experts are provided in Table 1 . Patients in the focus group indicated that physical activity and exercises were an important part of the treatment of LBP. One patient stated: 'Walking is the best medication for my back pain'. Furthermore, patients expected that a platform with video-supported exercise recommenda- tions would support them to accomplish exercises at home, as they often forgot how to execute specific exercises, as well as the number of repetitions. Overall, patients had a positive attitude towards blended care. Physiotherapists suggested the integration of a graded activity module, similar to e-Exercise Osteoarthritis, but only as an optional function. A graded activity module can be used to gradually increase physical activity, in accordance with the principles of graded activity. As one physiotherapist explained: 'graded activity is indicated only in a minority of LBP patients, namely those who avoid physical activity due to LBP'. Physiotherapists and experts had no preferences for specific strength, mobility or stability exercises. According to limited available time, a pre-selected set of exercises that could be tailored to individual needs would be preferable. Physiotherapists and experts recommended that the same information content should be available to all three subgroups of patients with LBP. As one expert illustrated: 'A single event of LBP is a risk factor for recurrence of LBP. All patients need to know which factors are related to LBP in order to prevent recurrence'.
Step 3. Design
The e-Exercise LBP intervention is an integration of faceto-face physiotherapy sessions with a web application. Fig. 1 provides an overview of the intervention.
e-Exercise LBP protocol
During the first face-to-face session, the physiotherapist identified each patient's risk (i.e. low, medium or high) for persistent disabling symptoms using the STarT Back Screening Tool [11] . Based on patients' physical capacity and risk profile, physiotherapists had the ability to tailor e-Exercise LBP to meet their specific needs [10] . As recommended by the experts, patients at low risk for persistent disabling symptoms had four face-to-face physiotherapy sessions, patients at medium risk had 12 sessions and patients at high risk had 20 sessions. However, according to the physiotherapists' clinical knowledge, physiotherapists were free to deviate from this protocol. The application consisted of three modules. The first module consisted of 12 weekly lessons (text and video) about the aetiology of LBP, physical activity, patient experiences, pain management and psychosocial factors related to LBP. The second module consisted of video-instructed exercises. Physiotherapists could choose the pre-selected exercises or create an individualised exercise programme. The third module consisted of physical activity recommendations. Based on a 3-day baseline test within this module, the physiotherapists could calculate the patients' current level of physical activity. If patients were insufficiently physically active, the physiotherapist could activate the graded activity functionality and set a goal to reach within 12 weeks. This graded activity functionality with tailored feedback has been studied previously in two osteoarthritis studies [23, 35] . Patients received weekly reminders to visit the web application. The online modules lasted for 12 weeks. Physiotherapists could watch patients' usage of the web application, monitor evaluated assignments, select other types of exercises, and communicate with patients using a messenger service. A print screen of the online e-Exercise LBP application is given in Appendix C (see online supplementary material).
Feasibility study Participants
In total, 46 eligible patients were recruited between May and October 2016. Of these patients, 41 signed informed con- sent forms and completed the baseline questionnaire. After 12 weeks, 37 patients (90%) completed the follow-up questionnaire. No differences in baseline characteristics were found between responders and non-responders. Accelerometer data were available from 30 patients (73%) at baseline, from 22 patients (54%) at follow-up, and from 20 patients at both baseline and follow-up (45%). Fig. 2 provides an overview of the study process. Patient demographics at baseline are presented in Table 2 .
Physiotherapy and online adherence
Overall, the average number of face-to-face sessions was 6.8 [standard deviation (SD) 4.0]. Face-to-face sessions most frequently consisted of providing information, exercises and active/passive mobilisation. The average total number of logins was 28 (SD 27) over 12 weeks. Six patients (15%) received the graded activity module; most of them were classified as low risk. Table 3 provides an overview of the number and content of the face-to-face sessions. The number of face-toface sessions differed between risk groups [low risk: 5.7 (SD 2.9); medium risk: 6.5 (SD 4.9); high risk: 9.6 (SD 3.2)], but the content of these sessions and website usage were comparable ( Table 3) .
Proof of concept
Levels of functional disability, physical activity, fear avoidance, pain at baseline and at 12-week follow-up, and global effect are presented in Table 4 . An improvement was found in functional disability [MD −12.2/100; 95% confidence interval (CI) 8.3 to 16.1], pain (MD −2.8/10; 95% CI 2.1 to 3.6), subjective physical activity (MD 11.5 minute/day; 95% CI −47.8 to 24.8), objective physical activity (3.1 minute/day; 95% CI −8.8 to 2.7), objective sedentary behaviour (MD −23.0 min/day; 95% CI −8.9 to BMI, body mass index (kg/m 2 ); SD, standard deviation. 
Discussion
This study described the participatory development of a blended physiotherapeutic intervention for patients with non-specific LBP (e-Exercise LBP). Face-to-face physiotherapy sessions were integrated with a web application which consisted of 12 weekly information, exercise and physical activity modules. The STarT Back Screening Tool was used to stratify the offline and online part of e-Exercise LBP to patients' individual needs [11] . Proof of concept of e-Exercise LBP was evaluated in a feasibility study which suggested that e-Exercise LBP is effective, especially for disability (QBDPS: MD −12.2/100; 95% CI 8.3 to 16.1) and pain (NPRS: MD −2.8/10; 95% CI 2.1 to 3.6).
The CeHRes Roadmap provided guidance during the development of e-Exercise LBP. This approach is not technology driven, but takes the complexity of health care into account [25] . The aim was to develop an intervention that meets the values of patients, physiotherapists and experts. Patients' recommendations for the design of the intervention were less concrete than physiotherapists' and experts' recommendations. This may have been due to the difficulty of providing feedback at a very early stage in development, when there is only an unfamiliar non-material concept. In future development studies, it is recommended that patients should receive drafts or previews of the intervention in order to make it more concrete, and to make it easier for them to provide feedback about the design.
The improvements seen in disability and pain can be considered as clinically meaningful as both outcomes decreased by >30% [30] . A Cochrane review on the effectiveness of exercise therapy compared with no treatment described a substantially smaller pain reduction of 0.59 points/100 in acute LBP, −1.89 points/100 in subacute LBP and −10.2 points/100 in chronic LBP [36] . In the current study, the sample sizes were too small to perform inferential statistics as well as subgroup analyses. The average number of face-to-face sessions in e-Exercise LBP was slightly lower than the general average number of treatment sessions for patients with back pain in The Netherlands (7 vs 9) [37] . Therefore, the results of this study tentatively indicate that e-Exercise LBP may lead to a reduction in physiotherapeutic costs. The effectiveness of e-Exercise LBP should be further investigated in a randomized controlled trial. A reduction in physiotherapeutic costs was also seen in the comparison of e-Exercise and usual physiotherapy in patients with hip and knee osteoarthritis, where the number of face-to-face sessions could be reduced from 12 to five [38] .
Stratifying blended care to patients at low, medium or high risk of persistent LBP appeared to be challenging. Physiotherapists and experts recommended integration of the STarT Back Screening Tool in combination with recommendations for the average number of treatment sessions per risk group. Within the current study, patients in the low-risk group visited the physiotherapists more often than the e-Exercise LBP protocol recommended, whereas the medium-and high-risk groups received fewer sessions than the protocol recommended. These findings are in line with a recent investigation of stratified LBP care in the Netherlands, which indicated that low-risk patients were generally over-treated and high-risk patients were generally under-treated compared with recommendations in clinical guidelines [39] . Stratifying the online part of e-Exercise LBP was possible by applying the graded activity functionality. Clinical guidelines specifically recommended this behavioural approach in patients at high risk for persistent LBP [8, 9] . Remarkably, this functionality was only applied in one of the eight patients at high risk. A forthcoming mixed-methods study will provide more insight into patients' and physiotherapists' experiences with the stratification of e-Exercise LBP, as well as how this stratification can be improved.
Limitations and recommendations
As this study was primarily focused on the development of e-Exercise LBP and its potential, a control group was not incorporated. Therefore, cause and effect cannot be claimed and it is uncertain whether the improvements in health-related outcomes were due to natural recovery or the effectiveness of e-Exercise LBP. Moreover, the study sample was small and long-term follow-up measurements were not included. Another limitation of this study was the absence of an outcome measurement related to exercise compliance, although it is hypothesised that blended care can stimulate an active role of the patient within the daily situation. The inclusion of measurements for exercise adherence, self-management skills or coping style is recommended for future studies. Furthermore, a future large-scale randomized controlled trial is needed to study the (cost-) effectiveness of e-Exercise LBP compared with usual physiotherapy.
Overall, e-Exercise LBP demonstrated initial indications for effectiveness in reducing disability and pain. The next step will be the investigation of end-user experiences with this prototype. These experiences will be used to further adapt the intervention to the needs of patients and physiotherapists. Hereafter, a randomized controlled trial on the (cost-) effectiveness of e-Exercise LBP compared with usual physiotherapy will be conducted (Steps 4 and 5 of the CeHRes Roadmap).
Ethical approval: The medical Ethical Committee of the Utrecht University Medical Centre declared that the e-Exercise LBP project is not covered by the Dutch Medical Research Involving Human Subject Act (WMO; number .
Funding: This study was funded by the Scientific College Physical Therapy (WCF) of the Royal Dutch Society for Physical Therapy (KNGF).
